We have undertaken the most detailed investigation yet of the shape and variability of the radio spectrum near the spectral peak of a gigahertz-peaked spectrum radio galaxy, using the Australia Telescope Compact Array. The radio spectrum of PKS 1718À649 was measured nearly simultaneously at 30-40 different frequencies over the range of 1-9 GHz at four epochs over a 14 month period, with the aim of constraining different physical models for the absorption process that causes the spectral peak at gigahertz frequencies. We find that the two most plausible absorption processes, synchrotron self-absorption and free-free absorption, can each explain most aspects of the data. However, each process also has difficulty explaining some aspects of the data, in particular the variability of the source at frequencies below the peak. In either case, models based on homogeneous absorbers are clearly inadequate and inhomogeneities must be introduced into either the synchrotron self-absorbed source or the free-free absorbing screen. Based on our analysis we cannot strongly prefer either synchrotron self-absorption or free-free absorption as the sole process responsible for the gigahertz-peaked spectrum of PKS 1718À649. However, the consistency of the measured source size, from VLBI observations, with the observed turnover frequency favors synchrotron self-absorption as a significant effect in PKS 1718À649.
INTRODUCTION
PKS 1718À649 is one of the closest examples of a narrowly defined class of active galactic nuclei (AGNs), the gigahertz-peaked spectrum (GPS) radio sources. These sources have a spectral maximum at gigahertz frequencies, are dominated by compact (parsec scale) structures that appear to be the small-scale analog of the kiloparsec-scale radio lobes of powerful radio galaxies, have low radio polarizations, and are not greatly variable at radio frequencies (compared with the highly beamed, core-dominated, flatspectrum radio sources). Furthermore, PKS 1718À649 is a GPS galaxy, in contrast to the GPS quasars; GPS galaxies are observed at lower redshifts and have less complicated radio structures than GPS quasars.
GPS sources appear to be closely related to compact steep spectrum (CSS) radio sources and compact symmetric objects (CSOs); CSS sources appear to have their spectral turnovers at frequencies well below 1 GHz and CSOs appear to be GPS and CSS sources for which VLBI imaging observations are of a high enough quality to detect the compact nucleus of the AGN and the jets that feed the parsec-scale radio lobes, revealing a degree of symmetry around the nucleus. Our understanding of these objects and how they relate to each other and the wider radio-loud AGN population, as it currently stands, is reviewed in detail by O'Dea (1998;  for the latest research results see ).
An open question of the GPS radio sources is, what is the physical mechanism that causes the spectral turnover at gigahertz frequencies? Two main competing models are usually invoked to explain the turnover, synchrotron selfabsorption (SSA) internal to the source itself and free-free absorption of the radio emission in an external screen of ionized plasma that obscures the source. The aim of this paper is to investigate, compare, and contrast the predictions of these two models as they relate to new radio observations of PKS 1718À649, in particular, observations of its spectral shape and variability at radio wavelengths above and below the spectral turnover frequency. Tingay et al. (1997) identified PKS 1718À649 (NGC 6328) as the nearest (z ¼ 0:014; Fosbury et al. 1997 ) GPS radio source after high-frequency radio observations, polarimetric observations, and VLBI observations became available. Since that time, even closer GPS galaxies have been discovered (PKS 0238À084 in NGC 1052 : de Vries, Barthel, & O'Dea 1997 PKS 2254À367 in IC 1459 : Tingay, Edwards, & Tzioumis 2003 . As a low-redshift galaxy, data for PKS 1718À649 are readily available in other wave bands. The high-quality optical spectra of NGC 6328 (probably the most detailed optical spectral analysis of any GPS or CSS object host galaxy) by Filippenko (1985) show that high-density (10 6 -10 7 cm À3 ) clouds exist within $500 pc of the nucleus and that photoionization is probably the mechanism responsible for the strong optical emission lines. Keel & Windhorst (1991) mapped the emission-line gas in NGC 6328 using narrowband H + [N ii] observations, revealing a barlike structure approximately 250 pc Â 500 pc in extent, oriented north-south and coincident with the radio source.
Australia Telescope Compact Array (ATCA) observations by Véron-Cetty et al. (1995) of the neutral hydrogen content of NGC 6328 found a ring structure 37 kpc in The Astronomical Journal, 126:723-733, 2003 August diameter with an envelope extending over 180 kpc, with kinematics suggestive of a merger involving at least one gas-rich spiral galaxy.
The observational data for PKS 1718À649/NGC 6328 nicely fitted the qualitative suggestion that GPS radio sources are frustrated in their development on parsec scales because of a dense and kinematically complicated AGN environment. Tingay et al. (1997) applied the quantitative model of Bicknell, Dopita, & O'Dea (1997) , which is based on these qualitative ideas, to the PKS 1718À649/NGC 6328 data and found reasonable agreement with the model. In particular, this model suggests that PKS 1718À649 is a young source, less than 100,000 years old, and is advancing into a dense environment of greater than 3 Â 10 6 cm À3 . The model predicts with reasonable success the size and turnover frequency of PKS 1718À649. Such a situation implies that free-free absorption of the radio emission due to the ionized environment is plausible.
However, even though Bicknell et al. (1997) derive an analytical expression for GPS source radio spectra based on free-free absorption by an ensemble of clouds that reproduces the PKS 1718À649 spectrum well, Tingay et al. (1997) pointed out that since the source size is small, SSA was also a viable explanation of the data as they stood at that point. The question of synchrotron self-absorption versus free-free absorption in PKS 1718À649 was left unresolved by Tingay et al. (1997) .
The purpose of this paper is to present new radio data for PKS 1718À649 and use these to place extra observational constraints on both free-free absorption and SSA models. The new data are primarily observations of the radio spectrum of PKS 1718À649 at different epochs, used to determine how the spectrum evolves with time. In x 2 we describe these and other related new observations relevant to our investigation. In x 3 we explore several possible physical models for the GPS in PKS 1718À649, concentrating primarily on SSA and free-free absorption models. Finally, we state our conclusions in x 4.
OBSERVATIONS, DATA REDUCTION, AND RESULTS
The new observations described below were motivated by monitoring of the total flux density of PKS 1718À649, obtained as part of a different project. Observations undertaken using the ATCA between 1996 October and 2000 February, in the 3, 6, 13, and 20 cm bands, in support of the VSOP space AGN survey (Hirabayashi et al. 2000) , showed PKS 1718À649 to be significantly variable at all four wavelengths on timescales of months (Tingay et al. 2003) .
Radio Spectral Measurements
Since PKS 1718À649 was seen to be significantly variable as a function of frequency around the spectral peak (approximately 3 GHz), more detailed data were obtained to determine the evolutionary behavior of the radio spectrum. Four observations were made with the ATCA (Frater, Brooks, & Whiteoak 1992 ) on 2001 July 22 and 2002 January 31, April 29, and September 10. These observations used the entire range of frequencies available at the ATCA in all four bands. The delays, amplitudes, and phases at a particular frequency were calibrated using the ATCA primary calibrator PKS 1934À638. Thus, a short calibration scan of PKS 1934À638 was made, immediately preceding a 3-5 minute scan of PKS 1718À649. This sequence was repeated at frequencies closely spaced across each of the ATCA bands. In the 13 and 20 cm bands the sampling was irregular, in order to avoid frequencies at which known sources of interference are present. In the 3 and 6 cm bands, a regular spacing of 100 MHz was possible, due to minimal interference. A range of bandwidths was used, from 16 MHz at some frequencies in the 13 and 20 cm bands to 128 MHz in the 3 and 6 cm bands. All measurements were made in clear weather and with the sources at greater than 30 elevation, in order to minimize the effects of the atmosphere.
The fact that the ATCA can make these measurements at two independent frequencies (within the 13/20 or 3/6 cm bands) simultaneously, and since PKS 1718À649 and PKS 1934À638 are only approximately 15 apart on the sky, which minimizes slew times, means that the entire set of measurements required for a spectrum across the ATCA frequency range takes only approximately 6 hr. Therefore, the data for any one spectrum are (for all intents and purposes) simultaneous in time, minimizing the effects of source variability.
The data were reduced in the MIRIAD package (Sault, Teuben, & Wright 1995) using the standard calibration procedure recommended in the MIRIAD users' manual, with the flux densities estimated by fitting the data to a point source. The 1 errors on the flux density measurements (relative to PKS 1934À638) are of the order of a few mJy at all frequencies. No detection of polarized emission was made from these observations.
The maximum resolution of the ATCA at the highest frequency used here is approximately 1 00 . The angular size of PKS 1718À649 is approximately 7 mas (Tingay et al. 1997 (Tingay et al. , 2002 . The source is therefore completely unresolved at the ATCA, and our analysis is not complicated by source structure effects; no extended faint, steep-spectrum emission has ever been detected associated with PKS 1718À649. Inspection of our data at 1384 MHz at each individual epoch reveals no evidence for significant variation as a function of position in the (u, v)-plane, confirming the fact that point sources fit our data extremely well at all frequencies and at all epochs. The variations we see in the PKS 1718À649 flux density cannot be ascribed to a sparse u, v sampling of a compact source with extended structure.
Careful attention was paid to gain-elevation effects due to both the atmosphere and deformation of the antenna structures. Gain-elevation curves, which include these effects for each ATCA antenna, were generated at 1384, 2496, 4800, 5000, 5200, and 5400 MHz. Previously determined gainelevation curves at 8640 MHz were also made available to us (H. Bignall 2002, private communication) . These gainelevation curves were used to determine corrections to the measured PKS 1718À649 amplitudes, since the gains determined from PKS 1934À638, which were used to calibrate the PKS 1718À649 data, were derived from observations at slightly different elevations than the PKS 1718À649 observations. In all cases at all frequencies the corrections to the amplitudes were less than 0.4%, less than the source variations seen from epoch to epoch, and dominating the error in the flux density due to thermal noise. The errors due to gain elevation effects and thermal noise have been combined in quadrature to estimate the error in the PKS 1718À649 flux densities relative to PKS 1934À638, as follows:
; where is the overall error in the flux density relative to PKS 1934À638 and t is the thermal noise error. Flux densities measured relative to PKS 1934À638 are thought to be consistent with the flux density scale (based on 3C 286 and 3C 295) in the northern hemisphere at the 1%-2% level (Reynolds 1994) . In turn the northern hemisphere flux density scale is thought to have an absolute error of 3%-4% (Baars et al. 1977) . Thus, while our spectra are accurate to within approximately 0.5% relative to PKS 1934À638, in absolute terms our flux density measurements of PKS 1718À649 are accurate to approximately 5%. Since PKS 1934À638 has been found to have flux density variability of less than 1% at gigahertz frequencies (J. Chapman 2002, private communication) the high accuracy of our measurements relative to PKS 1934À638 show that PKS 1718À649 is significantly variable. Figure 1 shows the results of the ATCA observations, displayed with errors relative to PKS 1934À638. 1 Figure 1 is a rather complicated plot but a momentary inspection reveals that at the higher frequencies, above the spectral turnover, the source flux density increases gradually over the course of the four observations. However, below the spectral turnover, the flux density initially decreases but at the last of the four epochs, increases again slightly.
When we explore different physical models for PKS 1718À649 in x 3 we can take two approaches. The first approach is to consider in a qualitative fashion the variability in the spectrum as measured relative to PKS 1934À638, taking advantage of the highly accurate relative measurements. However, when comparing our data to models that predict flux densities, we are obliged to consider our data on an absolute flux density scale, since the models make predictions on an absolute scale. This is the second approach, and in this case, we suffer from the large formal errors on our data associated with the uncertainty in the absolute flux density scale.
Other Observations

Radio Polarization Measurements
Since the ATCA spectral monitoring observations did not detect significant linear polarization, we obtained further observations, long integrations at a smaller number of frequencies, in an attempt to detect linearly and circularly polarized emission from PKS 1718À649. The detailed radio polarization properties of GPS sources could serve as a powerful diagnostic on the physics operating in this class of object (Mutoh et al. 2002) .
A primary intention with this observation was to detect linear polarization and estimate the rotation measure for this source.
The observation switched between two sets of two frequencies (set 1: 4.800 and 5.000 GHz; set 2: 5.200 and 5.400 GHz) and between PKS 1718À649 and the ATCA primary calibrator PKS 1934À638. Again the data were reduced in MIRIAD, following standard reduction procedures, however in this case including the necessary steps required to calibrate the data for detection of circular polarization, following Rayner, Norris, & Sault (2000) .
After calibration, the data were imaged and further analyzed in DIFMAP (Shepherd, Pearson, & Taylor 1994) , to extract total and polarized flux densities at each frequency.
The results of these observations have been summarized in Table 1 . No linear polarization was detected even from these deep integrations. A 5 limit on the linearly polarized flux is 0.5 mJy. However, significant circular polarization was detected at all four frequencies. After correction for the estimated circular polarization of PKS 1934À638 following Rayner et al. (2000) , the fractional circular polarization of PKS 1718À649, from 4.800 to 5.400 GHz, can be adequately described as À0:032% AE 0:005%. These estimates of the circular polarization from PKS 1718À649 are consistent with measurements made by Rayner (2000) at 4.800 and 4.928 GHz.
VLBI Observations
VLBI observations of GPS radio sources are very important for understanding their nature since high resolution is generally required to resolve the source structures. In particular, measurements of the sizes and flux densities of the individual radio-emitting components in GPS sources can constrain SSA models for the spectral turnover at gigahertz frequencies.
Ground-based VLBI observations have previously been described in detail by Tingay et al. (1997) . More recently, Tingay et al. (2002) described the results of VSOP space VLBI observations of PKS 1718À649. These observations gave a maximum resolution of approximately 0.5 mas at 5 GHz and fully resolved the radio source, which is composed of two distinct components, each approximately 1 mas (0.25 pc) in size, separated by approximately 7 mas (1.75 pc). Each component is approximately 1 Jy in flux density at 5 GHz, giving brightness temperatures on the order of 10 10 -10 11 K.
Here we present the most recent VLBI data for PKS 1718À649. On 2003 July 16 and July 18 PKS 1718À649 was observed at a frequency of 22.2 GHz by an array of Australian radio telescopes. The array consisted of the 70 m antenna of the Deep Space Network (NASA) near Canberra, the 64 m Parkes antenna (ATNF), one 22 m antenna of the ATCA (ATNF), the 22 m Mopra antenna (ATNF), the 30 m Ceduna antenna (University of Tasmania), and the 26 m Hobart antenna (University of Tasmania). These observations were the most comprehensive 22 GHz VLBI observations ever performed in the southern hemisphere. The observations used two contiguous 16 MHz bands (both right-circular polarization), used 2 bit sampling, and spanned approximately 12 hr. The data were recorded using the S2 VLBI system. The data were correlated on the S2 correlator at ATNF headquarters and reduced (calibrated, fringe-fitted, and averaged in frequency) using standard procedures in the AIPS package. 2 The data were then imaged and modelfitted using the DIFMAP software. Figure 2 shows the image resulting from the VLBI data, the first 22 GHz image of PKS 1718À649.
The structure seen in Figure 2 is consistent with previous VLBI imaging of this source. Both components in the image show structure at this resolution. However, identification of the nucleus of the source is still unsure. In some GPS radio sources, high-frequency VLBI observations have revealed weak flat-spectrum nuclei between extended components (Polatidis & Conway 2003) . In PKS 1718À649, it is far from clear that this is the case. The extension to the south of the northern component in Figure 2 could possibly be a nuclear component, but the resolution and sensitivity of the image make this only a tentative suggestion.
The separation between the two components at 22 GHz is 8:0 AE 0:9 mas. A comparison of all available VLBI data over an almost 10 yr period shows no evidence of a significant change in separation between the two components, with an estimated relative speed of less than 0.08c (Tingay et al. 2002) .
DISCUSSION
The physical processes that could be responsible for the turnover in the radio spectrum of active galaxies have been discussed many times before in the literature, from Kellermann (1966) to the more recent reviews of O'Dea (1998) or de Kool & Begelman (1989) . If the turnover is due to processes external to the radio-emitting material, it is likely to be due to free-free absorption by a screen of ionized gas located outside the synchrotron emitting region. If the turnover is due to processes internal to the synchrotron emitting clouds, it could be due to SSA, free-free absorption by thermal gas mixed in with the relativistic particles, induced Compton scattering by the same thermal gas, or the Razin-Tsytovich effect.
In principle, these processes predict specific spectral shapes that can be modeled and compared to the observed spectra, as demonstrated in this section. In practice, however, the power of these spectral tests is greatly diminished by the fact that the '' standard '' spectra associated with a specific process apply only to very simple emitting geometries, such as homogeneous spheres with infinitely sharp edges. Once the geometry and structure of the source is very different from such simple cases, radiative transfer effects can easily modify the emerging spectrum to such an extent that the specific signatures of the process are completely obscured.
Another diagnostic tool that can be used to identify which processes play a role in the shaping of the spectral turnover is variability. Each of the processes will have its characteristic variability times and characteristic frequency dependence.
In this section we briefly review the spectral and variability characteristics of the processes that could play a role in the formation of radio spectral turnovers and compare these theoretical expectations with the observed properties of the spectrum of PKS 1718À649.
Free-Free Absorption
External Free-Free Absorption
External free-free absorption is one of the two main explanations for turnovers in nonthermal radio spectra (Kellermann 1966; O'Dea, Baum, & Stanghellini 1991) . The free-free optical depth as a function of frequency is given by
where T 4 is the temperature normalized to 10 4 K, 9 is the frequency in gigahertz, n e is the electron density, and l is the path length through the absorber in parsecs. We start this section with an attempt at a quantitative analysis of various external free-free absorption models. When trying to fit our new data with a model consisting of a nonthermal power-law spectrum absorbed by a homogeneous free-free absorbing screen, it is immediately obvious that the observed downturn on the low-frequency side is much less steep than predicted, and the model fit is totally unacceptable. If free-free absorption is responsible for the turnover, more complex models have to considered. We have experimented with two alternative models, one based on structure in the source and the other on structure in the absorber.
The first alternative takes into account the fact that observations with high spatial resolution (Tingay et al. 1997 (Tingay et al. , 2002 have resolved the source into at least two components and that the flux densities we have measured at low resolution are the sum of these components. We therefore attempted to fit the spectrum with a model consisting of two separate nonthermal power-law components, each with its own free-free absorbing screen:
where S i and i are the normalization and index of the nonthermal power-law and i is the frequency at which the freefree optical depth equals unity (in gigahertz). The results of these fits are listed in Table 2 and plotted in Figure 1 . In this figure we have plotted the data for the four epochs and the resulting fits. The error bars plotted in Figure 1 (and similarly in Figs. 4 and 5) are the errors in the PKS 1718À649 measurements relative to PKS 1934À638, approximately 0.5%. The errors in the PKS 1718À649 measurements relative to the absolute flux density scale are a factor of approximately 10 higher than plotted, approximately 5%, as discussed in x 2. Therefore, when calculating the fits of various models to the data, errors of 5% are used in the calculation of the reduced 2 values, whereas for the purposes of plotting the data the errors relative to PKS 1934À638 are used, for the sake of clarity. The reader must keep in mind this factor of 10 when inspecting Figures 1, 4 , and 5. The data can be fitted very closely with this six-parameter model. It is clear that the use of the correct formal errors allows many different parameterizations of the models at each epoch, each with a vanishingly small reduced 2 . There is no systematic trend in the properties of the two components between the four epochs.
Although the two-component fit in Table 2 does a very good job in the wavelength range considered, it does predict that the spectrum should start to fall very steeply just below 1 GHz. This conflicts strongly with previous low-frequency observations of PKS 1718À649 (Tingay et al. 1997; Large et al. 1981 ). An overview of previous observations of PKS 1718À649, which cover a much larger frequency range, is given in Figure 3 . The diamonds connected by the solid line represent previous radio flux density measurements presented in Tingay et al. (1997) . The dotted line is the result of the fit with two free-free absorbed components from 2001 July 22, as appears in Figure 1 . Clearly, the steep drop predicted by the model is not present in previous observations. Although these previous measurements are not simultaneous with the present data, recent 843 MHz data from the Molonglo Observatory Synthesis Telescope indicate that the steep low-frequency spectrum is still present in PKS 1718À649 (D. Campbell-Wilson 2002, private communication) . This argues strongly against the two-component free-free model. The presence of a fairly flat power law at low frequencies is commonly observed in GPS sources and is not compatible with a homogeneous free-free absorber. However, the external free-free absorption model can be rescued if the absorber is allowed to be inhomogeneous, as proposed by Bicknell et al. (1997) . They developed a model in which the absorbing screen is inhomogeneous, and they parameterize the inhomogeneity by assuming that the screen can be represented by a power-law distribution in the emission measure R n 2 e dl. A model spectrum based on these assumptions contains four parameters: the normalization S 1 and slope À of the unabsorbed nonthermal spectrum, and the normalization and slope p of the emission measure distribution. The normalization of the emission measure distribution is most conveniently expressed as the frequency 1 , at which the maximum free-free optical depth in front of the source equals unity (in gigahertz). With these definitions, the spectrum is given by the expression
in which P(, p + 1) is the incomplete C function and 9 is the frequency in gigahertz. We fitted such a model to the new observations presented here, and the results are shown in Figure 4 and Table 3 . This model is very successful in reproducing the observations. It provides a fit to the current Fig. 3. -Theoretical free-free absorption and SSA models plotted against PKS 1718À649 spectral data across the widest possible range in frequency, as described in the text. Shown are the homogeneous twocomponent free-free model (dotted line), the homogeneous two-component SSA model (the dot-dashed ), and the inhomogeneous free-free model of Bicknell et al. (1997; dashed line) . Also shown are the previous radio flux density measurements (diamonds connected by a solid line) presented in Tingay et al. (1997) . observations that is just as acceptable as the two-component free-free model with fewer free parameters, and it also predicts the low-frequency power law very well, as can be seen from the dashed line in Figure 3 . Again, however, a large amount of variation is possible in the model parameters at each epoch due to the large formal errors on the data, with no significant changes in the reduced 2 values. Again, no significant trends are apparent in the model parameters with time.
We caution against interpreting this result in the sense that the physical model underlying the inhomogeneous freefree screen has to be correct. The fit is mostly successful because it contains a free parameter that is equivalent to the slope of the power law below the turnover, and the data define the slope of the low-frequency power law with sufficient accuracy that it can be extrapolated to a lower frequency.
We now consider a qualitative analysis of the variability of PKS 1718À649, since in this case we can consider the data relative to the nonvariable source PKS 1934À638, and use the much smaller relative error bars to show the sense of the variability at different frequencies.
If the spectral turnover is due to absorption by an external screen, variability can occur for three reasons: intrinsic temporal variability of the background source, intrinsic temporal variability in the absorber, or relative motion between the background source and the absorber, combined with spatial variability in the background source or the absorbing screen. We briefly consider aspects of each of these possibilities.
In the external screen model the background source is a synchrotron radiation-emitting cloud that is optically thin over the observed frequency range. Variability can occur over the entire spectral range, depending on the behavior of the relativistic electron injection function. The only constraint we have is that the flux cannot decrease faster than the energy loss time of the relativistic electrons responsible for the synchrotron radiation. Based on the more detailed discussion of the synchrotron cooling time in the section on synchrotron self-absorbed radiation below, it is easy to show that if the SSA turnover lies below 1 GHz, the observed flux and source size imply that the synchrotron cooling time is several orders of magnitude longer than the time covered by the observations, over the entire observed frequency range. This means that synchrotron cooling cannot play a role in the intrinsic source variability. We note that the presence of an absorbing screen does not modify the relative changes in the transmitted flux.
A rise in the intrinsic power of the background source, as evidenced by the variability at frequencies higher than the turnover frequency in our data (where free-free absorption can have only a small effect), could be consistent with the enhanced emission expected from reaccelerated electrons in a shock in the flow of jet material. This may be a plausible explanation of the high-frequency variability in PKS 1718À649. However, while PKS 1718À649 increases in strength at high frequencies, the emission below the turnover frequency becomes weaker, contrary to expectations based on the high-frequency variability. Thus, intrinsic variability of the background source alone cannot explain the overall variability of PKS 1718À649. The observed lowfrequency variability requires a change in the optical depth of the absorbing screen obscuring the background source. Over the first three epochs of observation, an increase in the optical depth distribution of the free-free absorbing clouds is required to explain the strong decrease in the flux density below the turnover frequency. Under the assumptions of the Bicknell et al. (1997) model, the ensemble of clouds that obscure the source would have to evolve with time in some way that increases the free-free optical depth. Given that intrinsic background source variability can explain the high-frequency variability of PKS 1718À649, what sort of variation in the absorber is required to explain the low-frequency variability? Intrinsic variability in the absorbing screen could possibly be due to changes in the ionization state or changes in the structure of the absorbing screen.
There is no typical timescale for increases in opacity by an increase in ionization, since these are due to increases in the unknown ionization mechanism. We know on the other hand that decreases can occur no faster than on the hydrogen recombination timescale. A hydrogen recombination timescale on the order of a year can be obtained when the electron density is on the order of 10 5 cm À3 . This is possible since Filippenko (1985) has shown electron densities higher than this within 500 pc of the radio source. However, an increase in the free-free opacity of the screen is required in the case of PKS 1718À649, not a decrease.
It is possible that the structure of the absorbing screen may be variable if the absorbing clouds are interacting with the jet that presumably powers the radio source. This may raise the free-free opacity in at least two ways. Large clouds may be disrupted into smaller clouds, increasing the percentage of the source obscured by clouds and the resultant shocks may produce energetic photons that ionize the clouds (Bicknell et al. 1997) , increasing their free-free opacity. This scenario is obviously difficult to quantify and speculative, but it may be consistent with the increase in the high-frequency flux density seen in the data. The shocks that could cause the high-frequency increase in source strength may be due to a mechanical interaction between the jet and the external free-free absorbing medium, causing a modification of the properties of the free-free absorbing clouds.
Perhaps the simplest explanation of low-frequency variability in the external inhomogeneous screen model is to rely on relative motion between the synchrotron source and the screen. The clouds in the screen could be in motion in a direction perpendicular to our line of sight to the source, causing clouds to be added to and removed from the ensemble that obscures the source. In this case, a significant number of the clouds would need to be added and removed on a timescale of approximately 6 months to significantly affect the overall distribution of clouds and the observed spectrum, assuming that the intrinsic surface brightness is uniform. Each component of the PKS 1718À649 structure has a projected extent of approximately 2 mas, corresponding to 0.5 pc or 1.5 lt-yr. The crossing time for clouds would therefore be 1.5/ cloud yr À1 , where cloud is the transverse speed of the cloud in units of the speed of light. For example, to replace one-third of the obscuring clouds toward one of the two components would require one-third of the crossing time, 0.5/ cloud . To do so in a 6 month period would require the clouds to be moving very close to the speed of light, cloud $ 1. This seems highly unlikely, since the broadest optical emission lines observed from the nuclear region of PKS 1718À649 imply speeds of cloud $ 0:01.
Similarly, the free-free clouds could be quasi-stationary and the radio source itself could be expanding, so that different parts of the free-free screen are obscuring the radio source as the radio source expands. In this case a speed of source expansion close to the speed of light is required. Such high speeds can be inferred for the superluminal components in the jets of quasars and BL Lac objects (Jorstad et al. 2001 ), but those GPS galaxies that have been studied with VLBI show no evidence of fast component speeds. Indeed, for PKS 1718À649, x 2.2.2 shows that a zero expansion speed describes the data well.
Even the most contrived situation in which the clouds and the source move in opposite directions, each at $0.5c, appears highly unlikely. Of course, the requirement of replacing one third of the clouds is completely arbitrary.
Thus, no highly convincing mechanism can be invoked under external free-free models that explains a strong decrease in the flux density below the turnover frequency. We feel that the most plausible, attractive, and selfconsistent explanation is that shocks between the jet and clouds of gas cause both the high-frequency increase in source strength and the low-frequency increase in free-free opacity. This qualitative idea would require a detailed quantitative treatment and comparison to a statistical sample of sources to be properly tested.
Finally, we note that a significant detection of linear polarization in PKS 1718À649 would have been very interesting for estimating the rotation measure toward this source. The rotation measure depends on the integrated electron density along the line of sight to the source, as well as the magnetic field in the plasma. A high rotation measure would have been evidence supporting free-free absorption. However, like a number of other GPS galaxies, PKS 1718À649 has no detectable linear polarization (x 2.2.1). The lack of linear polarization could be taken as evidence for high electron densities if the rotation measure is so high that Faraday depolarization occurs.
Internal Free-Free Absorption
It is also possible that the spectral turnover in PKS 1718À649 is caused by free-free absorption in a thermal plasma that coexists with the relativistic electrons responsible for the synchrotron emission. In that case the emerging spectrum is most easily described with the escape probability formalism:
Since ff / À2:1 , we expect the slope below the turnover to be À + 2.1 for a homogeneous source. This is again much steeper than observed, but the normal caveat applies that inhomogeneity in the source can always be arranged to give the required power-law index. It is not impossible that freefree absorption in the source plays a role since the required electron density is not extreme for gas at a distance of about a parsec from an active galactic nucleus. From the high spatial resolution space VLBI observations of Tingay et al. (2002) , we know that the source consists of two components, about 1-2 mas in size. This corresponds to about l $ 0:5 pc in linear size. This allows us to use equation (1) to estimate the electron density required for the components to become optically thick around 3 GHz. The result is log n e $ 4:5 if the thermal gas is warm ($10 4 K), and log n e $ 6 if it is hot ($10 7 K). The implied Thomson optical depths T are 0.01 and 0.3, respectively.
Synchrotron Self-Absorption
The main competitor of the free-free absorbing screen model for spectral turnovers in GPS sources is the SSA model (Kellermann 1966) . As with free-free absorption, we first attempt a quantitative analysis of different SSA models.
The peak in the spectrum of a single homogeneous selfabsorbed synchrotron source with a power-law relativistic electron distribution is much narrower than observed in PKS 1718À649, just as in the case of free-free absorption.
We can try again to overcome this problem by fitting the spectrum with two SSA components,
where 1 is the frequency at which the synchrotron optical depth equals 1 and is the power-law index of the relativistic electron energy distribution. The results are shown in Figure 2 and Table 4 . Again the freedom in the models due to the formal errors on the data is substantial. The SSA fit to the first epoch is illustrated by the dotdashed line in Figure 3 , and the comparison with older lowfrequency data shows that the SSA model also suffers from the problem of falling too steeply below 1 GHz. Unfortunately, this does not allow us to reject SSA as a viable explanation, since it is well known that inhomogeneity and radiation transfer effects in the source always tend to flatten the spectrum below the turnover. For example, if one models the synchrotron emitting region as a spherical cloud with a radial power-law density profile in relativistic particles (N / r À ), the slope of the spectrum below the turnover becomes a power law given by
Thus, the low-frequency power-law spectrum indicated in Figure 3 is reproduced for $ 3:8. This illustrates that an inhomogeneous SSA model can yield spectral fits that are comparable to the free-free fits with a power-law emission measure distribution. Note that in an inhomogeneous SSA model like the one mentioned above, the flat spectrum below the turnover is caused by the fact that the size of the synchrotron photosphere is expanding as the frequency decreases. Therefore, an important consequence of the SSA model for spectral turnovers in GPS spectra is that the relatively flat spectra generally observed below the turnover imply that the source size must increase significantly in order to lower frequencies. This could be an important diagnostic to distinguish between SSA and external FFA models. In practice the required high-resolution, low-frequency observations are very difficult to obtain.
There is one argument that strongly favors SSA over freefree absorption. For SSA sources there is a theoretical relation between the parameters of the source,
(e.g., Kellerman & Pauliny-Toth 1981) , where we have neglected cosmological corrections, and B is the magnetic field in the source in gauss, m is the frequency of the peak in gigahertz, S m is the flux density at the peak in janskys, and h m is the angular size of the source in milliarcseconds. For PKS 1718À649 we know both m and S m from the spectra and h m from the observations of Tingay et al. (2002) . Using equation (7) then allows us to estimate the magnetic field in the source at 10 À2 G if the turnover is due to SSA. This is a very reasonable value for the magnetic field at a distance of $1 pc from the active nucleus. The frequency of the SSA peak is insensitive to the magnetic field (/B 1/5 ), which means that for any conceivable magnetic field, from as low as 10 À6 G, as in the general interstellar medium of a normal galaxy, to as high as 10 2 G, the SSA peak would fall in the range for which observations are available. The fact that the observed peak falls exactly where it is expected for an SSA model argues strongly that this is the mechanism primarily responsible for the turnover. We now consider the variability of PKS 1718À649 in a qualitative fashion in terms of SSA, as we did for the freefree absorption models.
Variability in SSA sources can occur for a number of reasons. The optically thin part of the spectrum is determined by the relativistic electron distribution only, and the optically thick part is determined by a combination of the geometry of the source and the shape of the relativistic electron distribution.
The distribution of relativistic electrons responsible for the optically thin synchrotron radiation is determined by particle injection and energy loss. The main energy loss mechanism is likely to be synchrotron cooling, since Compton cooling can be shown to be less important unless the emitting cloud is irradiated by a strong, beamed radiation field that is not observable from our direction. We can derive an expression for the synchrotron cooling time of the relativistic electrons emitting at the SSA peak that depends on observed quantities only, by combining equation (7) with the expressions for the peak frequency of the single electron 
It is obvious that the high powers in this expression make it impossible to determine accurate cooling-time estimates, but some useful limits can be obtained. We can obtain a lower limit on the cooling time by choosing an upper limit on m of 4.5 GHz, a lower limit on S m of 5 Jy, and an upper limit on h m of 2 mas. This yields a lower limit on the cooling time at the turnover of 2:4 Â 10 9 s, or $80 yr. Since the cooling timescales as À1=2 , this means synchrotron cooling should be at most marginally important in any variability observed over a timescale of 2 yr. The long synchrotron cooling time appears to exclude models that explain the flat spectrum below the turnover in terms of a superposition of SSA peaks. The largest variability observed is a reduction in flux at the lowest frequency. This would require that the SSA component peaking at this frequency is becoming fainter, but the synchrotron cooling timescale argument shows that this is very hard to achieve. The only other cooling mechanism that may operate, adiabatic expansion, is also not attractive based on the fact that the sources do not seem to be moving.
Even if the radiation below the turnover is dominated by optically thin emission from an extended lower density region, as in the radial density gradient model above, the synchrotron cooling time of the relativistic electrons in the envelope can only be shorter than what is derived for the optically thick core if the magnetic field in the envelope is higher than in the core of the cloud, which does not appear very likely.
If we assume that the source is homogeneous and optically thick, variability below the turnover implies a change in source size. Thus, reduction in flux must correspond to a compression of the source. Most synchrotron sources appear to be either stationary or expanding, so this would be a very unusual case. Compression is not impossible, however, and could for instance occur if a cloud of relativistic particles passes through a shock moving perpendicular to the line of sight.
Thus, while there are positive reasons for concluding that SSA plays a significant role in PKS 1718À649, again no convincing mechanism for the low-frequency decrease in flux density over the first three epochs of observation can be found.
Other Models
Apart from free-free absorption and SSA, there are two more effects associated with the presence of a thermal background plasma in the synchrotron source that could lead to spectral turnovers.
The first is induced Compton scattering. The possible importance of this effect for GPS sources was first pointed out by Kuncic, Bicknell, & Dopita (1998) . Following Sunyaev (1971) , induced Compton scattering starts to play a role when
where T B is the brightness temperature. Induced Compton scattering reduces the energy of the photons until they either escape or are absorbed by the increasingly important freefree or SSA process at a lower frequency, effectively '' flattening '' the peak that would be present if induced Compton scattering did not operate. The components in PKS 1718À649 are quite compact and have a brightness temperature of $10-30 in units of (m e c 2 ) k À1 . Thus, a Thomson optical depth of 0.01-0.03 is sufficient for induced Compton scattering to become important. By comparing the Thomson depth at which induced Compton scattering is important with the limit derived for internal free-free absorption, we see that induced Compton scattering can dominate only when the electron temperature is greater than 10 6 K. Even then, it can operate only over a short range of frequency because of the rapid increase in free-free optical depth with decreasing frequency. In principle, an external screen can also give rise to induced Compton scattering, but the process is becoming much less effective when the radiation field consists of photons that propagate in a very narrow solid angle, as opposed to being nearly isotropic, as is the case for induced Compton scattering internal to the source (Kuncic et al. 1998) .
Induced Compton scattering can give rise to rapid and erratic variability in the part of the spectrum in which it is important, that is, at and below the turnover (Coppi, Blandford, & Rees 1993) .
Another effect that has been invoked to explain turnovers in synchrotron spectra is the Razin-Tsytovich effect, which is the suppression of synchrotron emission by relativistic particles when the surrounding medium has a negative refractive index (Ginzburg & Syrovatskii 1964; Simon 1969) . This effect will start to play a role below the Razin frequency,
where p is the plasma frequency and L is the Larmor frequency. Using equation (7), with an upper limit on the source size of 2 mas, we obtain the result that the magnetic field has to be below 5 Â 10 À4 G if the source is to be optically thin to SSA for frequencies above 1 GHz. Thus, the Razin-Tsytovich effect can suppress synchrotron emission below 3 GHz if the synchrotron source contains a thermal background plasma with an electron density n e > 7:5 Â 10 4 cm À3 . Thus, the Razin-Tsytovich effect may dominate over internal free-free absorption when the thermal gas is considerably hotter than 10 4 K, a constraint similar to that derived for induced Compton scattering.
CONCLUSIONS
We have presented the most comprehensive analysis of the time and frequency dependant variability of a gigahertz peaked-spectrum source to date and attempted to make both quantitative and qualitative analyses of the data to investigate the implications for competing physical models of GPS spectra.
We are able to draw the following conclusions:
1. PKS 1718À649 is significantly variable at all frequencies between 1 and 9 GHz, on timescales at least as short as a few months.
2. Homogeneous free-free absorption and synchrotron self-absorption models cannot explain the PKS 1718À649 spectra since they predict a sharp drop-off in the lowfrequency flux density, which is not observed.
3. Inhomogeneous free-free absorption and synchrotron self-absorption models do give a good fit to the observational data but are indistinguishable when the correct formal errors are used in fitting the models to the data, as is strictly required.
4. The low-frequency variability in PKS 1718À649 is very difficult to explain in either free-free absorption or synchrotron self-absorption models but still does not allow us to separate the models in a meaningful way.
5. Physical mechanisms other than free-free absorption and synchrotron self-absorption should not be discounted for PKS 1718À649 or other GPS sources.
Overall, our observations and analyses have shown that the formal fitting of free-free absorption and synchrotron self-absorption models to GPS spectra are unlikely to give a conclusive answer to the question of which process is dominant in these sources. This is because the true uncertainty in any observational data is on the order of at least 3% or 4%, and this is enough to allow many different parameterizations of the models that give adequate fits to the data, especially when only a limited amount of observational data are available and the models contain 4-6 free parameters in the simplest cases.
It is clear that simple models are inadequate for PKS 1718À649 and that complicated inhomogeneities and perhaps multiple mechanisms need to be modeled in any detailed theoretical explanation of the spectra and variability of this source.
At this point in our investigation of PKS 1718À649, given that some aspects of the source variability cannot be readily explained by free-free absorption or synchrotron selfabsorption, we suggest that the most likely dominant absorption mechanism that contributes to the PKS 1718À649 spectrum is synchrotron self-absorption, given that the turnover frequency and the parsec-scale component sizes give a highly consistent physical picture. However, we cannot rule out substantial contributions from free-free or other absorption mechanisms.
The qualitative analysis of spectral variability would seem to be a promising method with which to proceed, since these are relative measurements and have much smaller formal errors than measurements that are required on an absolute scale. It would be interesting to analyze a large sample of GPS radio sources in this way, to investigate the variability properties below and above the turnover frequency in a statistical sample, investigating variability as a function of parameters such as source size and turnover frequency.
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